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1nJector cons1s ing
drift. tubes has been
The measurement'p

9
contact 1on1zat1 ns UFC
tubes are dr1ven '
1nJector has bee
at a repetition rate of 1 p ‘sec. About 105,'
pu]ses have been accumu]ated R

The space charge 11m1ted diode and dr1ft tube
acceleration system were designed with the aid of
the EGUN code of Herrmannsfeldtl. Measurements of
the’ beam ‘envelope have been-made by means of a
movable biased charge’ colleéctor. Good agreement
with. the‘EGUN calculation is found.: Measurements of‘;_

“The norma11zed em1ttance kg sN =
6 1 m-rad is of better optical quality than
that requ1red for: further’ acceleration and transport
in a Heavy Ton"Fusion' (HIF) Induct1on Linac Driver. -.

INTRODUCTION

At the 1979 Part1c1e Acce]erator Conference we' .
ported.on the. operat1n§ characteristics of: the Cs:
source. for, our injector.¢: In:this- paper we: report. .
the comp1ete assembly:and operating character—.. . = .
tics.of the three-pulsed: drift:tubes which:are
sed for.- acce]eration of the beam- from the: source:
e system: is. shown schematically. in Fig.. 1 a1ong
th the ca]cu1ated and measured beam enve]ope
ofiles. -

The system has bee in rout1ne operat1on at 300

stage,. giving-a beam of 1.2 MeV.Cs* with a+.
tal current of 355 mA.in a 2.6us pulse, which is-
€. expected space:charge: 11m1ted current.at- that )
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The ‘main. effort over the: past yea
elop.reliable diagnostics to: measu
e]ope, tota1 current, .and: emxttance

work was supported by the Ass1stanthe
efense ?rpgrams,

+500 kv

500 kV,24 isec. [

er Contract No. W-7405- ENG;48.
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ny tests hav
kV/stage is ach1evable.

Finally, some o the
experiments for this injector will be described.

_Each of these items will be d1scussed in deta11 1n
ahe fo110w1ng sections. -

D1agnost1cs Deve]opment

We have 1nvested a maJor share of our effort 1n
‘developing reliable’ means of characterizing these
intense, low energy ion beams. :
easuring total'beam current has been more d1ff1cu1t
‘than' expected because of the h1gh surface heating: :

ue to. the short-range of the ions..
“the evolution of an-energetic plasma from the: charge_~
“collector and nearby surfaces: which requires & deep
‘cup with: suitable biasing to obt
.measurements..
cceptab]e des1gn wh1ch qgi

The problem of
This. leads to .

eliable current
We- have f1na11y arr1veriat a o

'th.a precision of #0.06 mm; =0. v
£ (0.8 mm respect1ve1y. A typical. scan-of. the beam
. . K

S shown 1n Fig. 3.

N w

(RELATIVE UNITS)

Beam Prbfi]e_écan‘

- ; “phase- plane us1ng a p]ate wit :
fine sTits to reduce the spreading effect of space
_Charge. . The beam divergence was measured by both a-
small.f1ag probe and & fast scintillator and camera,
in order to achieve t1me reso]ut1on within the
part1c1e bunch. :

e F1g. 4 shows the arrangement of these elements
" in the diagnostic tank. The scintillator used
recently has been a 1 uym thick layer of CaFg doped
‘with europium, vacuum-evaporated onto a stainless -
~ steel plate: The scintillator is required to have a
 fast fluorescence decay time (~ 300 ns or faster),
' good’ eff1c1ency of light production; and a usable .
"lifetime in“the intense beam (~1mA/cm2). For
example, Pilot B survives only 50 pulses under these
conditions. KBr, which has been used previouslyd,
has a slower fluorescence ‘decay time and a lower
Tight yield than, the Ca Fp (Eu}. The Ca Fp (Eu),f‘
scintillator ‘was viewed with an'EG and '@ Optical
" MuTtichannel Analyzer (OMA) with a lens mounted on
it. This ‘system: functions ‘as& ‘gateable (gat1n
'w1dth as narrow as 40 ns), h1gh sens1t1v1ty

“BEAM PIPI

SlLICON INTENSIFIE

GATING PULSER o TARGET VIDICO

[ DETECTOR | [COMPUTER] -
CONTROLLER] | CONSOLE |

. T OMA Schemat1c
te]evisionycamera.u A: typ1ca1 11ght 1ntens1ty
" pattern for 1°mm:s1its: 15 mm:apart, 62 cm from the
scintillator obtained with this device is' show
Fig. 5., along with: the calculated normalize
emittance... The:scintillator can be’ replaced b
movabte:.charge collector and the pattern’ acqui ad
more: Taboriously,: point by point; an- éxample‘o
data 15'sh0wn"1nzFig.“Ga;P-The'caltu]ated?nOrma
emittance given by these data is displayed in®
6b. It should also be pointed out that these. 1
measurements . required-a high level of machine
stab111ty and reproduc1b111ty over ~10 pu]ses

Note that F1g 5 represents a beam ‘scah
X-direction and Fig. 6 is a'scan in: the Y-direc
~and thus-results for:both: transvérse phase pTan
are: shown.. The-emittance: is the same in both:
directions and the aréa: s ey-~2x107 g% m-radia
is of" figher quality than: that required for'a hea
ion injector:for an HIF Induct1on L1nac for IC
purposes."

WE have: added a 1™ gate va1ve between th
injectar-and -the diagnostic tank. This permit
changes inside-the:diagnostic tank that requin
opening- the. tank td air to be made rapidly (>:1L:
turnaround time); e.g., this has ‘alTowed use of
techn1ques as a cellulose nitrate film'to image
ioniBeam.. ‘This film ‘must be removed- after ‘ea
pu]se and then etched for examination. .-




transit time through
sanificant fraction of.the pulse
_and‘saw1substantia1 current :
ad-with the initiation of the
, X 1yzed the effect for planar
geometry f ound it { current overshoot and '

oscil tithe C ‘edge of the current pulse
’ anging.for 2 programmed shape
Yimate fitting of the . .
yesistors £o slow the
x,sUppression_of the
Tmite oo

' 1,Duf1ng,t e C <senbly. bhéidfift tube.
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Monitoring par
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the mass spectrum
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EXPERIMENTAL PROGRAM ON HEAVY ION FUSTON

part 111: THE
A L ABORATORY*

T LAWRENCE BERKELEY
p. Faltenss £. Hoyer

<. Abbott, W. Chupps D. Clark, A. ‘
D. Keefe, c. kim; R. Richter, S- Rosenblum,
: J. shiloh, J. Stap\es,'E. Zajec

Lawrence Berkeley Laboratory

W. Herrmannsfe1dt
stanford Linear Accelerator Center

(Presented by C. Kim)

i. Introduction

The experimenta1 efforts at LBL have been SOCUSed on
- Cs*1 ion beam! ) using contact jonization an

ment of a large aperture 2 MeV, 1AV -

drift tube technigues as an injector for an induction 1
' ' tiapertUrevacce1—decel

dient column for an r.f.

extraction and
1inac source..

5. The One-Am ere Cesium Source
A schematic diagram of the Cs+1 beam eXperimént isvshown.in Fig. 1.
generated by heating metallic Cs of a (csCl + ca)
hot iridium plate (anode) of 30 cm dia. which is

mixture, are sprayed onto @
f -1400°K. The jonization potential of Cs (3.9V) is
t of the Cs atoms are

rate of Cs atoms is deter-

1% of a monolayer (ImC)
voltage pulse is applied to it.
the temperature and coverage of the iridium h
about 5 times the space charge 1imited current. In this s
operation the beam emission 1S uniform over the surface in

pace-charg
dependent 0

non-uniformjties of the anode and the

of the temperature

The space=char

500 kV whic

when the an

was indepen

h was ap

ge
pli

1imited current is

ode temperature was be

Tow i100°K in W

1A for the
Emission—]imited
hich cas

dent of the app

1ied VO

1tage pul

se and

depended only upon the ano

extraction voltage of
operation occure

e the

cstl current.

temperature.

*This work was supported by the offices of‘Laser Fusion and of High

Energy and Nuclear Physics of the Dept. of Energy-
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s depletion was observed when the anode temperature was high and the
ral Cs supply was Jow. In this case all the available Cs ions were used
uring the earlier part of the voltage pulse. The space4charge—1im1ted
ition was recovered when the oven temperature was increased in this case.

" Beam neutralization could increase the current above the classical space
ge limit. Our current measurement is not yet accurate enough to estab-

h this because of the undetermined secondary electron correction. Al-
yugh the secondary electron effect was measured to be small in our earlier
test stand experiment, we are building improved diagnostics to delineate

g phenomenon.

, Time-of-flight measurements, as shown in Figure 2, proved that virtually
1 of the beam was composed of cs*l jons. The beam also had orders of mag-
1itude Tower intrinsic neutral background pressure compared to any electron-
ombardment sonization source. This is as expected since the Saha-Langmuir
quation shows that more than 99% of the incident Cs atoms are jonized. The
ion beam has a very Tow thermal velocity equal to the temperature of the
node (0.1 eV). It is thus very bright. Normalized emittance based on the

ﬁherma] spread is calculated to be E%l—= 0.006 cm-mrad. The final beam emit-

tanée will be determined by non-source-originated mechanisms such as lens
aberrations and scattering by grids. B _

ing at a few uC capacity but it can be easily

The source is now operat
(up to 1 MV) and the area of

scaled up by increasing the extraction voltage

HOT IRIDIUM PLATE

PIERCE ,
ELECTRODE PULSED DRIFT TUBES

SHIELD

Oy - 00 KV MARX GENERATORS

Fig. 1: Schematic diagram of the Cs+1 beam experiment
(Drift tube lengths not to scale)
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jonization source is also applicable to uranium.4)
tion potential, approximate1y 3 volts, is higher
k function of any refractory material, the anode needs to be
flouridated to obtain a higher work function.) The extracted
focused by Pierce electrodes5) (Fig. 3
by a three-section pulsed drift-tube, which is being assembled
i i11 gain an jncrement of 500 keV per stage
Other experiments-under con-
s using jnduction 1inac

(The contact

the anode.
uranium ioniza

Since the

and reach
gjderation are: 1) an additio

cavities, and (2) a <trong-focusing t
Since the September workshops this source
repetition

Note Added in proof , Januaf¥ 1979:
has delivered . amperes of LS jons at 500 kv. - In addition,
ed reproducib\e space-charge-]imited current pulses.

rate tests up to 1 Hz show

L/ Vv (cm-k\/"’*) |
+l peam. - Time

Fig. 2: Time of flight measureme
was measured from the end of the yoltage pulse and the end of the
s are the distances of the drift space.

current pulse. L
XBL 7810-12076
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Fig. 3: A photograph showing the iridium hot plate, the Pierce
electrode, and 1nsu1ator column of the cst1 contact ionization source.

é,' The 60 mA Xe+] Source

The Xe+] multiaperture source has been described in Ref. 2. The pre-
sent source configuration utilizes an array of 13 holes each 4 mm in dia-
meter symmetrically arranged within a 25 mm diameter circle. Development
of this source was carried out in the Bevatron 20 kilovolt test stand.

A beam of 40 mA at 20 kV was transported one meter through a quadrupole
triplet and measured with a biased Faraday cup. The measured beam diameter

€ .
was 38 mm and the emittance was —E-=,§%X-= 0.03 cm mrad. A 50-degree mag-

™
netic analysis showed the beam to contain 90% Xe+] charge state. -

This source was then installed in the 750 kilovolt Cockcroft-Walton
accelerator. The 20 kV Xet! beam was transported one meter through two mag-
netic quadrupole triplets and accelerated to 500 kilovolts through the high
gradient column.



ured with an el i i
£ field.

A beam of 6 was measur

This cupP is also provided with @ fransverse magnetic

peam diameter was 38 mm.

The plasmé arc was opera d at 30 y and 50 4 a pulse Wength 0f
re the same as On the 20 ki\ovo\t test stan

These conditions a

500 wsec-
1ded 90% xetl.

which yie
A typica\ peam Curre s shown in Figure 4.

nt pulse i

tions show that the two quadrupo\e triplets
i otl, This implies that the

1y fransport about 1 M f un—neutra\1ze
i 98% neutra\ized.

nd a magnet analysis of the beal are in
i i 750 kV.

i1l be 1ncreased to

Fig. &4
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